Analyzing the functional and structural consequences of two point mutations (P94L and A368D) in the CYP11B1 gene causing congenital adrenal hyperplasia resulting from 11-hydroxylase deficiency.
Congenital adrenal hyperplasia is a group of autosomal recessive inherited disorders of steroidogenesis. The deficiency of steroid 11-hydroxylase (CYP11B1) resulting from mutations in the CYP11B1 gene is the second most frequent cause. We studied the functional and structural consequences of two CYP11B1 missense mutations, which were detected in a 1.8-yr-old boy with acne and precocious pseudopuberty, to prove their clinical relevance and study their impact on CYP11B1 function. The in vitro expression studies in COS-7 cells revealed an almost complete absence of CYP11B1 activity for the P94L mutant to 0.05% for the conversion of 11-deoxycortisol to cortisol. The A368D mutant severely reduced the CYP11B1 enzymatic activity to 1.17%. Intracellular localization studies by immunofluorescence revealed that the mutants were correctly localized. Introducing these mutations in a three-dimensional model structure of the CYP11B1 protein provides a possible explanation for the effects measured in vitro. We hypothesize that the A368D mutation interferes with structures important for substrate specificity and heme iron binding, thus explaining its major functional impact. However, according to structural analysis, we would expect only a minor effect of the P94L mutant on 11-hydroxylase activity, which contrasts with the observed major effect of this mutation both in vitro and in vivo. Analyzing the in vitro enzyme function is a complementary procedure to genotyping and a valuable tool for understanding the clinical phenotype of 11-hydroxylase deficiency. This is the basis for accurate genetic counseling, prenatal diagnosis, and treatment. Moreover, the combination of in vitro enzyme function and molecular modeling provides valuable insights in cytochrome P450 structural-functional relationships, although one must be aware of the limitations of in silico-based methods.